PT education. 4, 5 Instruction during residency and fellowship programs has given more explicit attention to the development of clinical reasoning and metacognitive skills, but this level of attention is not the norm in entrylevel programs. 4 The literature further suggests that there may be a disconnect between students' development and the thinking processes of accomplished clinicians. 6 In part this minimal attention to clinical reasoning in entry-level development may be due to a lack of research regarding how best to develop these skills. 5 One of the first steps toward developing better-informed pedagogies and assessments for clinical reasoning skills is to examine how entry-level PT students currently approach clinical problem solving. This study examined how entry-level PT students develop physical therapy-specific diagnostic reasoning through their coursework and initial clinical affiliations. The primary research questions were: (1) What types of hypotheses and evaluations do PT students make when they evaluate a patient? (2) What reasoning errors do PT students make during the patient evaluation? and (3) How do the hypotheses PT students generate change following classroom coursework and clinical affiliations?
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Results. Students' hypotheses focused on anatomical structures during their first year and shifted to medical diagnoses and biomechanical contributing factors during the second year and following clinical affiliation. Students consistently focused on the anatomical and biomechanical (impairment level) aspects of the patient's condition and gave minimal attention the patient's life context (participation level). Discussion and Conclusion. Students demonstrated consistent development toward the movement and biomechanical elements of the specific physical therapist diagnostic process, yet they demonstrated no consistent patterns of development toward identifying or addressing the impact of the patient's life context on his or her level of disability. Further research should examine the curricular factors that influence students' patterns of development in diagnostic reasoning. Key Words: Clinical reasoning, Entrylevel physical therapist education, Student learning.
Background and Purpose. Clinical reasoning is a complex problem-solving process that is necessary for effective clinical practice in physical therapy. Within the process of clinical reasoning, a physical therapist's diagnostic reasoning should address the patient's functional movement abilities and the impact of the patient's condition on his or her ability to participate in life activities. This longitudinal study examined the development of entry-level physical therapist students' diagnostic reasoning processes across time in their doctor of physical therapy education.
Methods.
Qualitative methods were used to analyze participants' diagnostic reasoning during a simulated patient case scenario. Six physical therapist students completed a think-aloud patient case scenario at 3 points during their entrylevel education (first-year, second-year, and postclinical). Low-inference data (verbatim transcripts) from the students' think-aloud work on the patient cases and postcase interviews were analyzed using a 2-stage process of thematic analysis. Structural coding was followed by pattern coding to categorize students' diagnostic reasoning processes.
BACKGROUND AND PURPOSE
Clinical reasoning is a complex problemframing, problem-solving, and decisionmaking process. This process is highly dependent on context, requires interaction with the patient, caregivers, and other healthcare team members, and is influenced by models of practice. 1 Additionally, this iterative process requires clinicians to make decisions and continually reassess actions taken in the face of uncertainty. 1 To function as autonomous professionals, physical therapists (PTs) must develop effective clinical reasoning skills. 2, 3 Few studies, however, have investigated the development of clinical reasoning skills in PT students. Further, there is a dearth of evidence for benchmarks or assessments of clinical reasoning development in entry-level diagnosis of pathology (defined as the name given to a cluster of signs and symptoms) does not always explain the underlying nature or cause of the patient's physical function or disability. 11 For these reasons, the diagnostic process must be unique to the specific health care field.
Physical Therapy-Specific Diagnosis
Specific to physical therapist practice, diagnostic reasoning requires clinicians to integrate their analyses of the patient's health condition and biomechanical fault with an understanding of the impact of the impairments on the patient's ability to function in daily life. 10 The PT's diagnosis generally addresses the patient's condition at the level of the whole person and should categorize the condition in a way that will guide the PT's treatment plan. 12 The literature on diagnosis by physical therapists identifies 3 key elements of the physical therapist diagnostic process. First, the PT must identify movement-related dysfunction. 9 This process includes identifying movement impairments and their relation to the patient's physical function. 13 Second, the diagnosis must direct physical therapist treatment. 11 A medical diagnosis alone is not sufficient to identify the most effective physical therapist interventions. 11 Through the diagnostic process, PTs must also identify factors that contribute to the patient's problem, 14 as these factors often become the focal point for treatment. Third, the PT must develop an understanding of how the patient's personal characteristics and disease process affect his or her level of disability. 13, 15 Expert PTs give significant attention to understanding their patients' environments, life activities, and values. 16 To address the impact of the patient's condition on the whole person, a PT must obtain information from the patient interview relating to the impact of the individual's current condition on his or her life roles. 14 Developing a diagnosis including these 3 elements enables the PT to best address the movement and functional limitations that impact the patient's life.
The Role of Hypotheses in Diagnostic Reasoning
During the diagnostic process, health care practitioners develop hypotheses to guide their examination and problem-solving. 17 A hypothesis is any diagnostic idea 17 and may identify a health condition, an impairment, an activity limitation, or factors influencing the patient's participation. 14 Hypotheses are the practitioner's clinical impressions as to why the patient is not able to carry out desired activities, 18 and they include ideas about why the problems exist. 14 The hypotheses shape the types of data collected during the patient examination, 14 represent the clinician's unfolding diagnostic process, and eventually guide the development of treatment. 18 The hypotheses formed during the diagnostic process also influence the criteria a clinician selects to evaluate the effectiveness of the treatment. 14 An analysis of the types of hypotheses a clinician or health care student makes during a patient evaluation can provide insight into his or her diagnostic reasoning process. Most medical reasoning studies have focused on the diagnostic process at the level of the health condition (medical diagnosis). [19] [20] [21] [22] These studies revealed that over the course of their education, medical students tend to shift from a focus on basic science concepts to one of medical diagnoses in their generation of hypotheses. 23 Through their education, PT students should progress toward physical therapy-specific diagnostic reasoning processes. No studies to date, however, have examined the development of PT students' diagnostic reasoning processes. Through an analysis of their hypotheses and patient evaluations, this qualitative study examined how PT students' diagnostic reasoning processes develop through their coursework and clinical experiences.
Subjects
This study took place in the doctor of physical therapy program at a small private western university in the United States. All participants provided signed informed consent prior to participation. Given the aim of longitudinally examining the students' development of clinical reasoning skills, a random sample of 6 student volunteers was selected from the first-year class at the beginning of their second semester of course work. To ensure data saturation, an additional 2 students completed the case scenario and interview during their first year. Analyses of these additional cases indicated reasoning patterns present within the first 6 participants, and thus the additional 2 were not included in the longitudinal component of the study. The timing of the first data-collection session allowed for initial assessment of the first-year students at a point in their education when they had completed their foundational basic sciences but had only a brief introduction to clinical problem solving. The same assessment procedures were then repeated at the completion of the students' fourth semester (completion of clinical didactic coursework) and their fifth semester full-time clinical affiliation. Table 1 summarizes the timing of the study with respect to the students' education. The primary researcher was a faculty member in the program; however, she did not teach the students involved in this study, nor did she teach any of the clinical courses related to the activities in this study.
Due to the class demographics, random selection, and the small sample size, all students were female. The students' mean age was 23.4 years at the time of the initial data collection. At the time of the first data collection session, all students had experience volunteering or working as aides in outpatient orthopedic clinics; none had been athletic trainers or physical therapist assistants prior to enrolling in the program. Table 2 summarizes the students' clinical experiences prior to and during the course of the study. To protect students' identities, each was assigned a pseudonym for the study.
METHODS

Overview of Methods
A clinical role-play of a patient case scenario was used to assess students' approaches to diagnostic reasoning. 24 This study builds on a cross-sectional analysis of clinical reasoning in first-and third-year PT students that includes a full explanation of the rationale for the method. 25 For the student population in this study, the verbal exchange approach to patient simulation used by James 24 was preferable to a patient simulation approach in which the student actually performs the manual tests on an actor 26 , because the initial data collection was being performed before the students had been introduced to handson clinical skills. Additionally, the information-focused format allowed for assessment of the students' problem-solving approaches without confounding by their limited technical skills.
A different patient case scenario was used for each assessment, but all patient cases exhibited "typical" presentations for their orthopedic diagnosis (see Appendix 1 for case descriptions). The cases were reviewed by practicing PTs (2-12 years of experience) who served as offsite clinical instructors for the program to ensure an equivalent level of diagnostic difficulty for the 3 cases. Each case included details of the patient's life context.
Data Collection
The following procedures were repeated for the initial assessment and each followup using a different patient case for each follow-up (see Appendix 1 for patient case descriptions). The researcher met with each student individually in a quiet room. The student practiced a think-aloud task prior to the case scenario role-play. The researcher then gave the student a brief description of the patient, including the patient's age, sex, and location of pain. The student was instructed to ask the researcher questions about the patient based on the elements of physical therapist examination (eg, aggravating factors, lifestyle, range of motion, strength) as if he or she were evaluating the patient in a clinic. The researcher read aloud from the written case description in response to the student's questions regarding both subjective and objective examination data. In addition to thinking out loud throughout the process, 27-29 students were allowed to write down their findings to help them remember and organize their thought processes; however, they were not given any specifications about what to write down. When the students had gathered as much information as they wanted about the patient, they made their evaluations. Throughout the think-aloud process, the researcher took notes on the type of information the students acquired, how they ordered that information, and the hypotheses formed.
Immediately following the think-aloud task, the researcher used her notes to guide the interview regarding each student's process through the patient case (a retrospective think-aloud). The retrospective think-aloud provided student with the opportunity to confirm or clarify the hypotheses they had stated during the concurrent think-aloud case scenario. The think-aloud process and interviews were audiotaped and transcribed, and all student notes completed during the diagnostic and treatment-planning processes were collected for analysis (see Appendix 2).
Data Analysis
A 2-stage iterative process based on thematic analysis was used to code and analyze the research questions. 30 Thematic analysis differs from grounded theory in that for thematic inquiry the initial coding categories are derived from existing theory, whereas grounded theory builds coding categories from the data. 31 In the first stage, structural coding 32 was used to identify the information the students gathered and the types of hypotheses and evaluations they made. Structural coding allows selection of a coding frame that matches the theoretical framework of the study. 32 Because this study involved the role of hypotheses in PTs' diagnostic reasoning, the structural coding drew on existing literature of hypotheses and examination processes in physical therapy. The second stage of analysis involved comparing the information the students collected with hypotheses they formed to identify reasoning patterns and errors. Information Collected and Hypotheses. In the first stage, structural coding 32 was used to code all information sought by the student based on the categories of tests and measures defined in the Guide to Physical Therapist Practice. 33 Information collected in the following categories was considered the patient's personal characteristics: goal for physical therapy, occupation, recreational activities or hobbies, current functional status, living situation, and social history. Each student's statements of diagnostic ideas, contributing factors, and judgments were then coded as hypotheses 10, 17 The coding categories for the hypotheses were derived from Jones et al. 10(p253) Additional codes were added based on categories evident in data that were not represented in the original literature, using an iterative process. For example, the students frequently formed hypotheses about anatomical structures, a category not included in the Jones et al 10 original list. (See Table 3 for codes and definitions.) Additionally, each student's final evaluation of the patient was coded using the same system. This first stage of analysis was noncomparative, and the findings reported what types of hypotheses and evaluations the students made, regardless of their accuracy or appropriateness. Evaluation strategy. Each student's strategy for approaching the patient examination and evaluation was assessed based on the patterns of information collected and hypotheses considered (ie, pattern coding 32 ). Prior literature on medical reasoning 34, 35 and clinical reasoning in physical therapy were considered in identifying the strategies. [36] [37] [38] Table 4 summarizes the codes applied to the reasoning strategies for patient evaluation. These codes include reasoning strategies previously described in the literature, with the addition of the emergent pattern "rule-in rule-out, " a rudimentary version of the hypotheticodeductive process. Reasoning errors. To assess errors in the students' reasoning processes, the relationship between the examination information the student collected and the hypotheses they formed was examined. Statements the students made during the think-aloud sessions were categorized as reasoning errors if the students interpreted information incorrectly or drew conclusions not supported by the information they had collected. Each statement was examined for the type of error. (See Table  5 .) Credibility and trustworthiness. To triangulate across data collection methods 39, 40 (concurrent think-aloud problem solving, retrospective think-aloud interview, and student notes), the students' process through the think-aloud was compared with their retrospective description of the case during the interview and the notes they had taken during the patient case problem. This information was analyzed for any discrepancies between data sources. The retrospective think-aloud further provided students an opportunity to confirm or clarify their reasoning processes as they reviewed the case with the researcher. To enhance the credibility and consistency of these findings, a random subsample of the data was coded by a second coder trained on the structural coding system. 41 The primary investigator and the second coder achieved agreement ranging from 73% (kappa 0.69) to 97% (kappa .95) across the structural coding categories. The coding category for hypotheses had the lowest initial agreement. This initial coding was followed by clarification of the definitions of each hypothesis code as well as clarification of the application of multiple codes to a single text selection. The researcher also maintained a document of memos throughout the data collection, coding, and analysis stages. 42 The researcher continually referred back to prior memos to assess the evolution of her analysis and to look for continuity or disconfirming evidence with prior stages of analysis.
RESULTS
Information Collected
The nature of the information the students collected about their patients changed over the 3 phases of the study. Students consistently acquired information about their patients regarding the patient's level and nature of pain during examination procedures. Following their clinical coursework and again after their clinical affiliations, students consistently conducted tests and measures typical of the physical therapist examination process, 33 including tests of range of motion, muscle performance, joint mobility, tissue integrity, and postural alignment. Through all phases of the study, the students demonstrated no consistent pattern as to whether or not they sought assessment of the patient's performance of functional activities such as gait, reaching, or stepping ( Figure 1 ).
The students did not demonstrate a consistent pattern of change in their patient interview processes (Figure 2 ). They consistently gave attention to the biomedical aspects of the patients' pain reports, including the description and location of the pain, and aggravating and easing factors. Students did not consistently address any other aspects of the patient interview. During all phases of the study, students gave minimal attention to the information classified as patient personal information that was necessary to understand the impact of the injury on the patient's 
Jumping to Conclusions
Taking 1 piece of information that was necessary but not sufficient to draw a certain conclusion, and "jumping" to that evaluation without considering the other findings necessary for drawing that conclusion
Perseveration
Taking a necessary but not sufficient piece of diagnostic information to rule in a particular hypothesis, and then continuing to rationalize that hypothesis as other information was collected, even when it ran counter to the participant's conclusion Disregard Ignoring unfamiliar information and moving on because of uncertainty concerning how to assess the unfamiliar information second year, 1 student repeatedly noted patient impacts. Another student demonstrated a trend toward greater inclusion of patient impacts, but, overall, the students did not demonstrate development toward assessing the impact of the patient's condition on his or her level of disability (Table 6 ). The categories of evaluations the students presented followed closely from their hypotheses. In their first year, the students named anatomical structures and impairments more than any other category (Figure 4) . Following their course work, the students demonstrated a clear trend toward identifying the patient's health condition in their final evaluation, and most students also identified impairments as contributing factors to the patient's health condition. This trend of naming a pathology and an impairment as a contributing factor continued after the students' clinical affiliations. At no phase did a student's final evaluation include addressing how the health condition impacted the patient's activity or life participation. The hypotheses and assessments the students identified during the concurrent and retrospective think-aloud procedures compared with the notes they wrote during the case indicated consistency between the diagnoses the students had noted for themselves and those they had orally expressed during the think-aloud procedures.
Reasoning Strategies for Patient Evaluation
Over the course of the 3 phases of the study, the students demonstrated 5 primary patterns in their reasoning strategies. Figure  5 summarizes the reasoning strategies the students used during each stage of their education. The trial and error strategy was only evident during the first year. For example, Misty struggled to organize her interview and examination process. She began as most of the students did by asking for the patient's description of her pain. When she was unable to form a clear hypothesis based on the initial pain description, she asked for more details of the patient's visit with the physician, then returned to asking about the patient's pain, questioning what anatomical structures might be involved: participation in life activities. No student consistently addressed this patient personal information, and only 1 student, Jenn, demonstrated progression toward greater attention to this patient personal information.
Hypotheses and Evaluations
During their first year, the students' hypotheses focused primarily on anatomical structures, either ruling in or ruling out anatomic structures. The 6 participants mentioned anatomical structures ruling them in as 51% of their hypotheses or ruling them out as 19% of their hypotheses. Health condition represented 13% of their total hypotheses. Students' hypotheses during their second-year course work were dominated by health condition, followed closely by impairments as contributing factors and then anatomical structure. The students' hypotheses demonstrated this same pattern following their clinical affiliations. Patient impacts were rarely mentioned during all phases of the study (Figure 3 ). During the Figure 3 depicts the types of hypotheses the students formed at each phase of the study. The chart presents the percentage of total hypotheses formed in each category at a particular phase (see Table 3 for category definitions).
Figure 3. Hypotheses Generated by Students
Upon hearing that there was no numbness or tingling, she expressed some confusion. "Oh dear, (laughs) um, maybe not nerve? (laughs) But then it's radiating. Let's see: constant dull ache, since it's a constant dull ache, dang this is difficult, um. " Misty's inability to form a clear hypothesis from her interview with the patient left her unsure where to start her examination process. Before beginning muscle tests, she stated: "Um, maybe do some tests? … Even though I don't have very good ideas, I guess we could do some testing. Um, um, … Hmmm, tests. "
Students consistently demonstrated reasoning about pain across all 3 phases of the study. During the first year, the students related the patients' description of pain to possible anatomical structures that might explain the pain. Jenn expressed her thought process after hearing the patient's pain description during her first-year. "OK so now because the pain's radiating, I have a feeling there's some sort of nerve being pinched, and because of the dull achey sensation, I feel like it's something in the joint that has some sort of insult or injury. " After her clinical affiliation, Maya used the patient's descriptions of the pain sensation to develop hypotheses about the patient's health condition. "At this point with the popping, the sharp twinge, I'm thinking, OK, I'm going to probably test for a labral pathology. It could be some kind of like biceps thing going on, depending on, definitely not thinking any kind of adhesive capsulitis at this point. " At each stage, the students then used the hypotheses they had developed based on the pain descriptions to select further tests and measures.
Students also demonstrated following protocol, where they explicitly tried to remember examination forms from classes or clinic across all 3 phases, though this strategy was most prominent during the first year. During her first year, Jenn began by asking about the patient's pain description, aggravating factors, injury history, and activities. She then paused and reflected: "Um, I'm trying to think of what other subjective questions we're supposed to ask. Cuz I think I have the current the past and the social history, are there any hobbies that she does that might cause it?" First-year students who were able to successfully use their reasoning about pain and following protocol strategies to guide their data collection demonstrated the more-sophisticated rule-in/rule-out strategy, while those who struggled to use the reasoning about pain strategy appropriately resorted to trial and error for the majority of their patient evaluation. For example, during her first year, Shelly used the patient's pain description to • OK, so that would lead me to believe that her muscles are probably fine and it wasn't a muscular problem. So I would probably be leaning towards maybe a capsule tear. (Kelly, first-year)
• I ruled out meniscus, I ruled out ACL and PCL, and MCL LCL, which are all the ligaments on the knee. (Misty, second-year)
Health Condition
• It could be adhesive capsulitis. (Shelly, first-year)
• And then some type of, that's usually a sign of arthritis. (Misty, second-year)
• So, I would say that my direction at this point is that he's got a rotator cuff tendonitis of the supraspinatus, he's got a biceps tendonitis with potentially and underlying labral pathology going on. (Maya, postclinic) Impairment: Contributing
• Any time you're walking or going down stairs if she can't stabilize her hip then her leg is rotating and the patella is going to be tracking on the lateral femur which it's not supposed to be. (Kelly, second-year)
• So hip adduction in loading response, so what I'm seeing is Trendelenburg gait, and that is usually a sign of weak glute medius and then that messes up her alignment which puts excess strain on her connecting joints which would be her knee, so that might be part of something. (Misty, second-year, think-aloud)
• And he has unstable scapula, and then the forward shoulders tells me it's crowding the subacromial area. … It is definitely the scapulathoracic joint that's causing a lot of the issue. I think that's the why.
(Jenn, postclinic) Impairment (Diagnostic)
• Well the, the only thing that's stuck out to me was her abductor weakness. (Shelly, second-year)
• Flat thoracic spine, so with the forward shoulders and the abducted scapula it could be tightness in the anterior shoulder musculature and weakness in the posterior, especially with the winging indicates weakness of the serratus anterior. (Cathy, post-clinic)
Patient Impacts
• Reaching up to a file cabinet like how far does she have to flex or abduct to get up to that actual file cabinet? How much it affects her functional ability that she needs to get the file or a stool or have someone else do it for her or how much it actually affects her job.
(Cathy, first-year)
• She really doesn't have anyone to help her around the house if she were to have any sort of knee surgery or if she needed help with the kids. She has to do it all by herself, so that could be an issue in treatment. (Jenn, second-year) During their second year, the students continued to use reasoning about pain to guide the start of their examinations. Once they had shifted to collecting tests and measures, some students used clearly identified hypotheses to guide and organize their process using the hypothetico-deductive strategy, 32 while others continued to follow rule-in/rule-out strategy, demonstrating less logical organization to their examination process. During this phase, several students also distinctly divided their examination into 2 stages: (1) collecting the necessary information to make the medical diagnosis, and (2) collecting the information necessary to identify the biomechanical faults contributing to the patient's health condition. For example, during her second-year, Kelly worked through the interview and then proceeded to gather information about special tests, eventually concluding that the patient had patellofemoral dysfunction. After making this assessment of the patient's health condition, Kelly inquired about the patient's posture, lower extremity alignment and manual muscle tests. She then shifted to examining functional task performance, explaining: "OK, so I'm kinda trying to see if it could be like an issue whenever she's functioning that she can't stabilize her self. Cuz she doesn't really seem to have any structural abnormalities that would put her at like higher risk for patellar tracking laterally. "
Finally, following their clinical affiliations, all of the students demonstrated reasoning about pain and hypothetico-deductive strategies. For example, Jenn used the hypotheticodeductive process to integrate her evaluation of the patient's health condition and contributing factors. After she had acquired the interview information, she began the examination process by inquiring about the patient's range of motion. Upon hearing that the patient had mildly limited shoulder flexion active range of motion with pain at end range and scapular winging, she evaluated hypotheses about the anatomical structures that were affected and the contributing factors.
It is definitely the scapulothoracic joint that's causing a lot of the issue in why his… I think that's the why. And the what, once I get there is probably going to be the supraspinatus and biceps tendon, so I think those are irritated because the scapula-thoracic joint is not working the way it should.
At this stage, only a few students resorted to following protocol when they could not remember if they had collected sufficient data. Figure 4 depicts the categories the students included in their final evaluations of the patient. The categories follow from the hypotheses formed (see Table 3 for category definitions). Figure 5 depicts the number of students who used each of the reasoning strategies. If a student only occasionally used the strategy it was noted as a 0.5 incidence. If the student used the strategy throughout the process it was noted as 1.0 incidence (see Table 4 for strategy definitions).
Figure 4. Final Patient Evaluations Made by the Students
Figure 5. Reasoning Strategies
strated jumping to conclusions. For example, after learning that the patient had normal patellar mobility, Maya jumped to a conclusion about the strength and stability of the knee as a whole, stating: "OK, if she's not hypermobile, I'm not thinking strength or stability around the knee is such the issue. " Aside from these 2 students, the students did not make significant analytical reasoning errors following their coursework or clinical affiliation. These findings indicate the students' improving abilities to process and interpret typical clinical findings.
Another form of reasoning error that persisted across all phases of the study was limited connections, a lack of connection between any personal information collected about the patients and the impact of their condition on their day-to-day life. As described above, students were inconsistent in acquiring personal information about their patients. When they did inquire about issues such as the patient's occupation, hobbies, or living situation, this information was typically used to identify or support a mechanism of injury rather than the impact of the injury. For example, during the first year, 1 student considered the patient's occupation important only if it involved manual labor that might have caused the injury. Cathy explained her interpretation of the impact of the patient's occupation on her assessment. "If she has a job where she has to be reaching above you know, if she's a factory worker or something where she's moving a lot that could be um the reason for the problem in the shoulder, but if she is a desk, you know, sedentary worker, then you know, you have to find another reason for why the shoulder would be painful... " After their clinical affiliations, most students continued to draw on the patient's occupational information only to support their hypotheses about the type of injury or mechanism of injury. For example, after her clinical affiliation, Shelly inquired about the patient's occupation. Upon learning he was a school teacher and that he experienced shoulder pain when reaching up to write on the board, she responded: "OK, so it sounds kinda impingement-y. " She did not mention the patient's occupation again during the case. Only one student (Jenn) consistently linked the patient's life factors with the impact of the health condition. For example, during her second-year, upon learning that the patient had children, Jenn commented, "Oh, little. Single mom, 8 and 10. I guess they're not that little, but. And single story home. So she really doesn't have anyone to help her around the house if she were to have any sort of knee surgery or if she needed help with the kids. She has to do it all by herself, so that could be an issue in treatment. " Following her clinical affiliation, Jenn continued
Reasoning Errors and Omissions
As the students progressed through their coursework and clinical experiences, they made fewer analytical reasoning errors during the evaluation process on each case. During their first year, all of the students made at least 1 reasoning error in the face of uncertain information. At this stage, these errors, which took 3 primary patterns (Table 5) , impacted their progress through the evaluation process. During their first year, 4 students demonstrated jumping to conclusions, 2 demonstrated perseveration, and 2 demonstrated disregard. The following section presents examples of each reasoning error demonstrated by the students in their first year.
During the examination portion of the case role-play, Maya demonstrated jumping to conclusions by drawing her conclusion of a tight joint capsule based on information about the patient's active range of motion into flexion, a necessary but not sufficient finding to make that conclusion. She explained during the retrospective think-aloud: During the first year, Shelly demonstrated disregard as she was unsure how to make sense of learning that the patient had experienced no relief following a cortisone injection in her painful shoulder: "So since it's, I don't know exactly what cortisone would do for it, but I uh, since it didn't help, then, that's probably not a good thing (laughs) Um, is she on any pain medication?" Kelly also demonstrated disregard when she was unsure what type of tests would assess ligamentous structures. During the concurrent think-aloud she expressed: During the retrospective think-aloud, she reflected on her thought process regarding the shoulder ligaments: "I didn't suspect ligaments just because, I was even talking to somebody the other day about shoulder ligaments. I don't know how you test them, I don't know how often they you know, get injured and um, it just, I don't know, shoulder ligaments, I don't know much about them, so I just kinda ignored them (laughs)"
In additional to disregard, Kelly demonstrated perseveration during her first year as she continued to pursue a hypothesis regarding a nerve injury in the patient whose pain patterns, muscle performance testing, and sensory testing were not consistent with a nerve injury. Following this train of thought, Kelly made her assessment that the patient had a musculocutaneous nerve injury with inflammation.
OK
During the second year, 1 student demonstrated disregard and another student demon-to make connections about the impact of the injury on the patient's occupation and hobbies. During the retrospective think-aloud, she explained why she was interested in the patient's daily activities. "Just to see if it was affecting his routine, because those are obviously, he's teaching, so it's going to interfere with everyday activities. I didn't ask how often he goes to the gym, or if he stopped, but it's obviously something he's done for a while, probably something he wants to get back to. "
DISCUSSION AND CONCLUSION
Following their on-campus coursework and initial clinical affiliations, the PT students in this study demonstrated consistent progression in their abilities to assess patients' underlying biomechanical causes of injury, an important aspect of the physical therapyspecific diagnostic process. The students, however, did not demonstrate consistent development in addressing the impact of the health condition on patients' levels of participation.
Changes in Hypotheses
During their first year, students generated hypotheses primarily focused on anatomical structures. Following their second-year coursework, they shifted to identifying medical diagnoses and underlying biomechanical contributing factors. This shift toward medical diagnoses and away from basic science concepts parallels the patterns identified in the development of reasoning processes in medical students. 23 The emergence of the students' considerations for the underlying biomechanical causal factors, however, is more unique to physical therapist clinical reasoning, as most studies of physical therapist practice have highlighted the importance of a focus on movement above and beyond the medical diagnosis as part of the PTs' reasoning processes. 43, 44 Along with this shift toward evaluation of underlying biomechanical factors, a pattern of "what" and "why" reasoning emerged in the students' thought processes during the patient examination and evaluation. In this process, the students moved from primarily focusing on identifying the injured tissues (the "what") during their first year toward identifying both the health condition (medical diagnosis) and the underlying contributing factors (the "why"). This pattern is indicative of progress toward the unique reasoning processes required for physical therapist practice, as PTs must address the contributing factors and consequences of the health condition not just the condition itself. 14, 15 The students' integration of this "what" and "why" thinking into the flow of their reasoning process was evident through their continued focus on both elements following their clinical affiliations, yet with less separation of the 2 processes.
Limited Attention to Patient Personal Needs
While the students demonstrated consistent progression in their analytical reasoning, most gave minimal attention to the patients' values and life context. Whereas experienced physical therapists seamlessly balance patient-centered narrative reasoning with analytical reasoning, 8, 37, 45 the students in this study consistently focused on analysis of biomechanical and pathological factors. While many students elicited some personal information regarding each patient, such as occupation or hobbies, many only used this information to confirm biomechanical patterns and did not make considerations for the impact of the health condition on the patient's quality of life, nor did they make use of the information in developing their interventions. The students' continued prioritization of technical and biomechanical issues may indicate that their personal frames of reference dominated over the patients' frames of reference. 22 This continued focus on mechanical and technical factors and procedures is consistent with the patterns of clinical reasoning of other intermediate-level (secondyear DPT) students. 5 Although the students may be familiar with ICF and the biopsychosocial approach, they may need more familiarity with the variety of reasoning strategies entailed in order to adopt a patient-centered approach. 10 Educational strategies such as scaffolded, structured opportunities to write clinical narratives integrated within clinical experiences enable students to reflect and learn from individual patient experiences. Small group reviews of these narratives can deepen the learning process and support students in developing more patient-centered approaches to practice. 46, 47 Strategies such as these narratives may support students in enacting patient-centered approaches to clinical reasoning.
Throughout their foundational science and clinical coursework and clinical affiliations, some students consistently demonstrated more concern for the patient's life factors than did others. Other authors have also noted nonhomogenous patterns of development in students' clinical reasoning, with some students demonstrating greater concern for the patient's context from early in their education, while others continue to hold more mechanical views at the completion of their entry-level education. 5 These inconsistent patterns suggest that the inclusion of patient-centered considerations may be influenced by students' backgrounds and prior experiences shaping their perspectives on care. 22, [48] [49] [50] 
Factors in Students' Development
Several factors may explain the students' lack of development regarding attention to the patients' personal needs. Although this study did not directly examine the curricular factors contributing to the students' clinical actions and reasoning processes, the following 2 areas warrant further investigation. First, the students may lack the cognitive capacity to integrate considerations of impairments, functional limitations, and the interpersonal dimensions of clinical reasoning. 51 Second, this lack of attention to the patient as an individual may be a result of the structure of the students' coursework, wherein interpersonal interactions and psychology are taught separately from orthopedic clinical skills, and analytical thought may be prioritized in classroom assessment. 52 While clinical experiences provide situated learning experiences critical to the development of the context-dependent skill of patient-centered clinical reasoning, 53 the pedagogical practices of clinical instructors vary widely, and these clinical instructors may not effectively support students in developing a patient-centered frame for reasoning. 54, 55 Further research should address these patterns of development in relation to academic program structure.
Limitations and Further Research
This study has several limitations that should be addressed in future research. First, the study used only a single patient case simulation at each stage of the program. Given the evidence of case specificity in clinical reasoning, 56 future studies could provide a more in-depth analysis by assessing students' performance over multiple patient cases. Second was the use of a simulated patient instead of an actual clinical situation. While simulation was advantageous in allowing assessment of the students' reasoning processes prior to their instruction in hands-on patient care, it limited limits the conclusions that could be drawn regarding the students' interactions with the patient as an individual. Replication studies using a standardized patient instead of a simulated case may better address the role of students' interactive and narrative reasoning. Third, the small sample size, consisting of all female students from a single program, limits the generalizations that can be drawn. This study, however, has provided a preliminary examination of a concept not thoroughly explored in the existing literature and provides avenues for future studies. Fi-nally, this study did not directly analyze the learning environments that contributed to the students' clinical reasoning processes. Further studies using intervention-based design can better support teaching processes that contribute to students' development of effective patient-centered diagnostic reasoning.
CONCLUSION
The development of clinical reasoning skills is a crucial yet underresearched aspect of entry-level physical therapist education programs. 5 This study has analyzed the developmental processes of 6 students enrolled in a physical therapist education program using a traditional curriculum structure. As these students progressed through their foundational coursework, clinical coursework, and initial clinical affiliations, they demonstrated physical therapy-specific development within their technical diagnostic reasoning processes. However, they demonstrated little growth with respect to concern for patients and their life context. These findings contribute to the understanding of the influence of classroom and clinical education on the development of physical therapist students' diagnostic reasoning skills. 
